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The (amplitude/mesor) ratio (i. This study demonstrates higher levels of uNTX in premenopausal South Asian women than would be expected for their age, being greater than same-age Caucasian women, and similar to postmenopausal Asian women. This highlights potentially higher than expected bone resorption levels in premenopausal South Asian women which, if not offset by concurrent increased bone formation, may have future clinical and public health implications which warrant further investigation. Individuals with a larger seasonal change in 25(OH)D concentration showed an increased bone resorption, an association which was larger than that of the 25(OH)D yearly average, suggesting it may be as important clinically to ensure a stable and steady 25(OH)D concentration, as well as one that is high enough to be optimal for bone health.
Introduction
Despite the hypothetical increase in osteoporotic fracture risk due to smaller bone size in postmenopausal South Asian women [1] few studies have assessed bone health in this population group. Also, recent epidemiological research has suggested that US dwelling South Asian women have an increased prevalence of femoral neck osteoporosis [2] but have no differences in wrist fracture rates [2] compared with same-age Caucasian women, suggesting that bone health in South Asian women needs further elucidation.
Bone turnover markers are a known predictor of fracture risk [3] as well as giving valuable insight into the bone turnover related mechanisms underlying inter-individual differences in bone structure. However, there is a lack of information on bone turnover rates in South Asian women, either western dwelling, or dwelling in country of origin. Only three studies, to the authors' knowledge [4] [5] [6] have reported levels of bone turnover activity in migrant South
Asian women living in Western countries. These studies found either no difference in bone turnover between South Asian and Caucasian populations [4, 5] or no difference between older and younger South Asian women [6] , the latter result of which is of concern considering the premenopausal status of the younger women. These cross-sectional studies highlight important similarities and differences between bone turnover in western dwelling South Asian and Caucasian women. However, there is still a need for studies to assess longitudinal change in bone turnover markers over the course of at least one year in South Asian women to see if these ethnic and age differences in bone turnover vary by season, and if so how. [12] . Some previous research studies in Caucasian populations have found no relationship between seasonal fluctuation of 25(OH)D and bone resorption [13] or no acute effect of vitamin D supplementation during winter time (to blunt the seasonal rhythm) on bone resorption or formation markers [14] . However, data from South Asian and
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Biochemical Measurements
Measurement of uNTX was undertaken at the University of Sheffield (Metabolic Bone
Centre, Northern General Hospital, Sheffield, UK), funded by a grant (number 225) from the National Osteoporosis Society (2011). Measurements were undertaken using the automated
Vitros ECi, Ortho Clinical Diagnostics analyser (Rochester NY, USA) and were adjusted for creatinine (Cr) excretion. Serum 25(OH)D was measured by the Vitamin D Research Group at the University of Manchester, using the manual IDS enzyme immunoassay (Immunodiagnostic Systems Ltd, Boldon, Tyne and Wear, UK) with inter-assay and intraassay coefficients as described previously [9] .
Statistical methods, including Non-Linear Mixed Modelling Analysis
Ethnic and menopausal status differences in uNTX were analysed using mixed betweenwithin subject analysis of variance (ANOVA; women with all four uNTX measurements).
Within-season ANCOVA was also conducted (using all women with at least one uNTX measurement) to allow for the analysis of data from women who did not have full data for uNTX for all seasons (to reduce the impact of attendance bias). For the premenopausal women only, an age-matched analysis was also undertaken due to a biologically significant age difference between the two premenopausal groups (mean (SD) for age: 34.0 (5.6) years in the Caucasians and 39.0 (8.5) years in the South Asians). The premenopausal South Asian women were individually matched to one same-age (to the exact year) premenopausal
Caucasian. When there were multiple Caucasian women of the same age available, SPSS was used to randomly choose one Caucasian subject to be matched to each South Asian subject. 
Results

Participant Characteristics
Results are presented as mean (SD) unless otherwise stated. Supplementary Table 1 Table 2 shows background information for the subset of the women who had complete data for all relevant variables for the NLM analysis (n=154). 
Levels of bone resorption markers
ANOVA analysis
A mixed between-within subjects ANOVA, adjusting for BMI and dietary calcium as covariates (n=192) showed no significant main effect of season (P=0.16) on uNTX, as well as no interaction effect between season and group (P=0.61). However, there was a significant between subjects effect of the four groups (P<0.001) (Figure 2 ). Observed power for the between-subjects, season effect and season-group interaction were 99.9%, 43.0% and 37.6%
respectively. Bonferroni adjusted post hoc tests showed that the only statistically significant differences were between the two Caucasian groups (P<0.001) with a non-statistically significant trend for a difference between the Caucasian premenopausal and postmenopausal Asian groups (P=0.07) and between the two premenopausal groups (P=0.07).
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Within-season ANCOVA analysis
Season-specific ANCOVA, controlling for BMI and dietary calcium as covariates, showed that there was a statistically significant overall group difference in uNTX in Summer (P<0.001, n=286); Autumn (P<0.001 n=264) Winter (P<0.001, n=235) and Spring (P<0.001, n=230). Bonferroni adjusted post hoc tests showed significant differences between the Caucasian premenopausal and Asian postmenopausal groups in summer (P=0.015), winter (P=0.05) and spring (P=0.016). In autumn, winter and spring (P<0.001) there were significant differences between the two Caucasian groups. There was a non-statistically significant trend for a difference between the Caucasian postmenopausal and Asian premenopausal groups in summer (Summer P=0.085) and between the two premenopausal groups in autumn (P=0.062).
Premenopausal women paired for exact age
Paired t-tests, using age-matched pairs, showed that there was no significant difference in uNTX between the two premenopausal groups in autumn (P=0.27 n=15 pairs) ( Figure 3 ).
However, Asians had a significantly higher uNTX in winter by a mean of 16 nmol BCE/mmol Cr (P=0.007 n=16 pairs) and in spring by a mean of 20 nmol BCE/mmol Cr (P=0.04, n=15 pairs), with a non-statistically significant trend for a statistically significantly higher uNTX in
Asians by a mean of 9 nmol BCE/mmol Cr in Summer (P=0.08 n=25 pairs) (Figure 3 ). Table 2 illustrates the regression analysis, including the effect sizes for the main model once the two groups were exactly age matched.
Non-Linear Mixed Modelling
Ethnicity, 25(OH)D and bone resorption
In terms of previous literature, our study findings support those of Lowe et al ( It is unclear what the mechanism is behind our finding of higher bone resorption in premenopausal South Asians compared with their same-age Caucasian peers. In premenopausal women, inter-individual variation in bone turnover marker concentrations have been associated with contraceptive pill use [16, 17] , exercise [16] , smoking status [16] , and 25(OH)D concentration [16] in some studies, but not in others [18] . In our n=363 sample (n=177 premenopausal), 16% of premenopausal Caucasians reported that they were smokers compared with 2% of the premenopausal South Asians, and 9% of premenopausal Caucasians vs. only 2% of premenopausal Asians were on the oral contraceptive pill. This suggests a higher presence of smoking and contraceptive pill use in the premenopausal Caucasians.
However, average minutes of physical activity per day (walking and cycling combined) were around 50 mins per day in premenopausal Asians, and around 40 mins per day in premenopausal Caucasians (data not shown), so self-reported exercise levels were similar between the two ethnic groups, as was BMI.
However, the premenopausal South Asian women in our study were more deficient in 25(OH)D and had higher parathyroid hormone (PTH) levels than the premenopausal Caucasian women throughout the year, (data previously published [9] ). In previous research examining premenopausal South Asians residing in Pakistan, secondary hyperparathyroidism due to vitamin D deficiency has been shown to explain high bone resorption levels (uNTX) It will be important in future research to assess overall levels of bone formation in younger and older South Asian women, as it is possible that an increase in bone resorption may be coupled with increased bone formation. In this case, higher bone resorption in these women may be less detrimental to bone health than would be the case if bone formation was low.
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High bone formation markers have been seen in South Asian women in comparison with
Caucasian women in other research studies [4, 5] as well as similar levels of bone formation markers between postmenopausal and premenopausal South Asian women [6] . Moreover, it is not clear as to whether our findings of increased bone resorption in premenopausal South Asian women show pathology or physiology. health detriment for some outcomes [20] . As found in our smaller scale previous work with the bone marker sCTX [15] , in the current study average concentration of 25(OH)D had a smaller effect size than did seasonal fluctuation in explaining uNTX. This study supports that
Predictive ability of 25(OH
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18 reported previously [15] which suggests that seasonal variation in 25(OH)D concentration is at least as important as average yearly concentration of 25(OH)D, perhaps even more so.
However it contradicts previous research in postmenopausal Caucasian women, a Scottish study found no association between degree of seasonal change in 25(OH)D and bone resorption levels [uCTX] [13] . Also, an Irish intervention study of young adults found no effect of wintertime supplementation (15 micrograms per day; 22 weeks) of vitamin D on subsequent bone turnover [14] , suggesting that supressing the winter-time reduction in 25(OH)D status did not benefit bone health, at least in the short term.
Implications of this work
Our findings highlight that in addition to having a slender bone size, premenopausal South
Asian women have also higher bone resorption than would be expected for their age. A C C E P T E D M A N U S C R I P T 
Strengths and Limitations
Our study adds significantly to the previous literature, as it is the first study to assess differences in bone resorption between premenopausal Caucasians and premenopausal South Asians, as well as the first to assess the relationship between 25(OH)D status and bone resorption in premenopausal South Asian women. Thus, it is the first to report that premenopausal South Asians have significantly higher bone resorption levels in winter and spring than do same-age Caucasian women, and that there is no significant relationship between 25(OH)D status and bone resorption in premenopausal South Asian women.
Nonetheless, it must be borne in mind that these data came from only Caucasian and South
Asian women, and may not be applicable to other ethnic groups, due to potential ethnic differences in vitamin D metabolism (e.g genetics affecting activity of vitamin D hydroxylase enzymes or vitamin D binding protein activity [21, 22] ). It is important to note that the sample size was very small for the South Asian groups in some of the analyses, particularly for the premenopausal women. This was due to few of the group having full data for all seasons (e.g. many had at least one season missing, prohibiting entry into the ANOVA and the non-linear mixed modelling). Also, there is a clear need for the concurrent measurement of a bone formation marker to assess overall bone turnover, as high bone resorption in the premenopausal South Asian women would not necessarily be detrimental to bone health if coupled with high bone formation.
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Conclusions
Our results add to that of previous studies of bone markers in South Asian women by introducing a longitudinal perspective over the course of the year and is the first study to our knowledge to examine bone changes in this ethnic group in this way. We have shown that *POST C= postmenopausal Caucasian (reference group); PRE C = premenopausal Caucasian; POST SA = postmenopausal South Asian, PRE SA= premenopausal South Asian. ** Body Mass Index. ≠n= 83, n= 53, n= 12 and n= 6 in postmenopausal Caucasians, premenopausal Caucasians, postmenopausal Asians and premenopausal Asians respectively. ¥Definition of effect sizes: the absolute value of the quotient of the estimated value and the standard error, Thus defined, the effect size for a parameter is only an indication of how significantly different from 0 the value of the parameter is, i.e. it is an indication of how necessary it is to include, as opposed to excluding, that parameter in the model. The conventional 5% significance level is met for a parameter when the effect size for that parameter meets or exceeds a value of 1.96. However, apart from identifying the importance of including the parameter in the model, the effect size conveys no other information about the functioning of the model. P o s t A s ia n n = 1 7 P re A s ia n n = 8
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ACCEPTED MANUSCRIPT
